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2. Algorlthms for Data Comprsdo. (. M. Grqy)

Research Objectives

The general goal of this project has been to develop computer-aided design

algorithms for data compression sytew and to study the reative performance,

complexity, and rate of such systms. Where possible, comparisons have also

been made with theoretical bounds and with traditional approaches. Particular

emphasis has been placed on vector quantisation (vector coding, block coding,

multidimensional quantization) systems for speech waveforms, for finear predic-

tive speech parameters, and for various random proceses.

Major A ompl MEAS

As detailed in the annual reports and in the folowing flat of publications,

the research effrt has been exceedingl fruitful in laying the groundwork for

computer aided design of a variety of data eompvlom Wytei. algorithm

of Linde, Buzo, and Gray (IM) for the design of locally optimum vector quan.

tizers which was developed with the support of this cotract has been extended

both by our Stanford group Ad by a severoelsue sItutha to devrp

moderate complexity I"w rto sd Toy low tote "et SMP~Usion qseM OW

speech wavedoran, voice aodes variom raadom puemem, ad, most recently,

* imag. Our pomp pomnerd e bie a*m md th of Uis =t impottant

varitlos tre sAre cods sd I I!des cod., h atiW to the melts of

this rm pre t, the ,ldatei e, deps by t. proe hos boee

mod in ote proe ad eter hiIlWem to sal mw .ppeatdto Nyw
A. J
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speech recognition systems based on vector qmantitatios and not requiring

dynamic time warping have been developed at the Naval Research Laboratory,

the University of Mexico, Osaks University, and Bell Laboratories using varis-

tions on our algorithms. Now low complexity image coding systems of rates less

than one bit per pixel have been developed using our algorithms at the University

of California, by our group, and by Mitsubishi Corp.

Part of the accomplishment of this project was the development of extensive

software for vector quantizer design and data compression simulations. This

software has been shared and extensively used by the Naval Research Labora-

tory.

During the Ainal year of this contract the emphasis has been on the develop-

ment of shape/gain vector quantizers, an example of product code quantization

systems that operate in a memoryless fashion on successive data vectors and

separately quantize a scalar gain -n and a vector shape term. The quantiza-

tions are coupled by the distortion measure so that the eucoder is optimal for

codes with this structure. An iterative improvement algorithm was developed to

yield locally optimum codes of the desired structure. The goal of this style of

code is twofold: To provide better dynamic range by separately treating the

energy and to provide a mesas of designing higher rate and hence better quality

vector quantizers with reasonable computational complexity and memory require

meats. Then codes capable of providing better peformance for a ixed rate

and complexity than the ordinary high omplexity vector quastim& -P.kei-

mary results for thes system wer is b Sab n and Gray (Is) ad a
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paper has recently bees submitted for subn~ds for publiuatlm A cop d thin

pape will be forwarded to the Air Force when complete as an epilogue to this

"a rPort

With the exception of the final paper being prepared, Al of the principal

research resuls developed during the course of this project have been reported ina

the open literature. Preliminary portion of the Ainal paper may*be found In the

conference proceediap of the paper by Sabia and Grm (1063.

With the termination of this contradt, the linage coding and the speech cod-

ing and recogniion work will continued with the support of the Army Research

Office and the Joint Services Electronics Program. Unlike the reearch reported

here, the future reearch will ocum on feedback var quatmr and Gatostate

vector quantizen instead of-the memoyls. vector quanthm of Ibi project. Li

and VLSI iraplememtatmim of vector quatlalm stm, with and without

mmy will be costhwued with'te support of A*e 5ht Service ElectroMles lo.

gram
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a. Rellable, VIA Coemftg I@ U m w (A. U Gkom4

Reusuc Objectives

The following topics have beend~ ma ivestigation: Mi Coding for memories

with stuck-at defects and raadom erwors when the defect information is provided

to the encoder or to the decoder. (Hi) The improvemnent is storap capacity

achieved by skipping defective or some partially defective uwmory ei (Mi) The

complexity of encoding and decoding circuitry. (iv) The ame and delay penaltin

involved in structuring VLSI arrays. (v) Communication complexity of comput-

ing.

majorAcoplhet

(i) Heegard III hos uxaansix clas of Maer block codes (LDC) for improv-

ing the reliable slurap of laformatom In a computer moemory with stuck-at

defects and some. go examined LEO'.whim the "Wde nformation about the

state of the defects &YAvaiabe o the decoder or to She acoder. In the former

cast etuk-at ce Ad as errnre 1 twt teebubpewfor deeodieg the LOC's 'with

crowre nd er roi6.a be .m.by* H iasodee" a clas of modifled Kear

block Sweu ClAM96*MW- seme dss d era. wam the beath. mad ature

of As dbaf Is*toem.p4

I *..

,5 -4,



A elm at ndled Oft cutl Wo kmbmse in 7UI The bH td fo

theme cycle codes was derived ad ewmpbyed to ostruct ULDCs with specified

boasds on the mxn... distances.

(Hi) in jpj, the proposer and Grams, considered a DOiam composed of N

discrete ceells, each characterized. by a defect state.# drawn independently

according to () . The probabilt of retrieving a symbol v given a and the

stored symbol s is completel speiled by p(l s,@). The selector identifies a

subset of *good' ello wbich aiome are used to store data, in an effort to improve

the reliable storage rate of the mnemory.

EN4CODER / SELECTOR MEMORY

DEOE

22
.13

2~ Rt4

0A

Idl

ntt

lu* ., A-s
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-Iit and omilY it the Oh NU is used. The symbols Ii,... *sNI me stored in

order in the selected cells. A stmrag rate R is achieved if there exists a

sequence of (2RN,rN) codes, selection rule p(. Isa) and decoding rules such that

the probability error tends to zero.

The storage capacity is established for independent selection rules

Nv
A~u Is) - ][I p(mi jei) . It is then shown that the capacity is higher for the more

general clas of causal rules Anu Is) - 11 pAvgi t...) P. However, for the cell
inua

consisting of two binary symmetric channels (BSC's), the capacity for causal rules

is achieved by an independent rule. A uimilar result hold for any two-state cten

when the state is knoi~n to the decoder.

For arbitrary selection rules, rates higher than those possible 'With causa

rules awe achievable, even for two-state BSC cells. The capacity for arbitrary

rules is as yet unknown.

(iii) Ahbswede has proved the Mlias f3J - Winograd 141 result for probability

o( error criteion. The capaity so.. ,whene A the number of

infomation bits, (results mot writtm up).

(it) tIn Jtbb projoser sad Grefte imvesigated the asymptotic penalties of

testeuilg omotemeous VW.S wap for yield eahameemmat Bach element of

ase tabg WagsI &a is &Wewt edeeie I",binimd probalt p.-

A Oxid 6asti R of the dimS. wte to be emted tot a pwoedwl rep.

4 m1i 0* .o bon"d a"q 6" . qj.uom.. Let 10fl m. 14 f w 0m

..... ....



of the longest connection and t be the nmber of wlrkg tiracks needed to

accomplish the interconnection. It is shwn that:

(1) Connecting a chain of K elaments tom, a hiear anry of N elements

requires d - (XIeg) and I - track running paralel to the array.

(2) Connecting a linear army of K fixed 1/0 ports to distinct non-
detective elements frm a parale array requires 4 - f(gN)p and

(3) Connecting K elements from an N-element linar array to K from a
parallel N-element armay, in pairs, requires only constant d and I.

DEFECTIVE ACTIVE

I N ELEMENTS

Fi.2.&: Couneetloa of a chain fro aa N-element linear array.

PORT

Tracks

all

;41 R..4vq -

io i



Fi.2.c: Pairwise connection of two parallel N-element linear arrys.

Fig. 2Ad Comectio oa chsinof K-il elaemtafrhom a 4X4 aM-v

U~ ~ ..df 1 OO--b m60aIA vq

* 7-



(4) Cambeetlmg a shah .1 K dinmts bm a NXX wqr require cow
$to" an m e ow Ae betwee 2 hinemtq this problur b cely*
rted& to the peNrcobio "eehiu of itema" ph*S~.k

14 A* -de *Ibb caso, lg1s bAd Almedn thev bpu* n~ cm and t
at* prusited whic coet h-ans wih polbmwt approaig
-me. The alkItkm n bn lo(m aim

MI QOnni"Wsga KXK op~en Ae kIebi an. NXN waM in shws to
tequkm 'i1. In 4"it s owma that *wait E-Os41vN)

onya oetat nbe at tras are neeoed& Th proof minla~at
maxiaumIowmuauuncut theoem for ppn wit rando= c"pull-

(v) In flthe piopose proed tha if (X,Y) wre two SAnt. alphabem.rn

I" dswrwv ith(POW) >S fokwAN (zsv)(X XY), and Ita fuctioMFXY)

is 04enraa% *ft af o n X to r aeesoy to compute

F(XY) rdol am$be,*m -iww t av* to N(X Ir). The rush

hold it the toma~ is wWi0orm IV ,* nwo

L, ay ef~ Psm sW Ir and V Sm a adV reepee

-xr iv, s v-'* tha OW bi th 14 RP WO LFj

41~
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Professor Morf has moved to Yale University. He will be sending his portion

of the final report directly.

However, a list of Ph.D. students partially supported under this contract,

and a list of publications in the contract period are given here.
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